Caragana microphylla
INTRODUCTION
Caragana microphylla Lam. is an important shrub species in the semi-arid, arid and desert regions. It has a potential utilization as a pioneer leguminous shrub species for vegetation re-establishment in North China which is rich in wildlife resources of this plant. Caragana species is one of the Leguminosae Papilionoideae Galega family. It is a diploid with 2n=2x=16 chromosomes in somatic cells, and cross-pollinated by insects. Morphology and anatomy of C. microphylla Lam. have been well-documented (Xu, 2009) . Around the world, there are more than 100 species distributed in Asia and Europe in arid and semiarid regions (Li and Qu, 2001) . C. microphylla Lam. has strong profusion base with more number of branches and constitutes a horizontal and vertical fence, and are relatively dense shrub (Zhang and He, 2005) . It plays an important role in organic C sequestration, N accumulation and the hydrologic cycle, and has more ecological importance for vegetative restoration and reversal of desertification (Zhang et al., 2006) . C. microphylla Lam. can improve the micro-environment of soil, and create condi-tions for other species to be immersed into the enriched biological diversity (Liu and Lin, 2004) . As a deep-rooted plant species, C. microphylla Lam is recommended as an ideal species for ecological restoration in degraded sand-land ecosystems (Li et al., 2004) . By using amplified fragment length polymorphism (AFLP) markers, a statistically significant correlation was found between pairwise genetic distance and corresponding geographic distance by the 10 Caragana korshinskii populations (Wang et al., 2007) . The analyses of wild soybeans are found to have three genetic diversity centers proposed based on the geographical distribution of the number of accessions (Dong et al., 2000) . The spatial patterns and environmental correlates and predictors of genetic variation of Hordeum spontaneum in Turkey, indicate that genetic variation in wild barley populations is not only common, but also at least partly, adaptive (Nevo et al., 1986) . Some PCR-based marker systems are widely used to study genetic diversity in Caragana plant species, such like random amplified polymorphic DNA (RAPD), AFLP and simple sequence repeats (SSRs). Inter-simple sequence repeat (ISSR) markers with low cost and low labor requirement but with high reliability have been developed to measure genetic diversity on plant. Like other PCR-based markers, they are rapid and require only small amount of the template DNA, and it seems to have the reproducibility of SSR's and the usefulness of RAPD's. It is applied to the study of genetic relationships and phylogenetic analysis of various plant species.
In the present study, the genetic diversity of 17 wild C. microphylla Lam. populations was examined using ISSR markers. The major objectives are to determine genetic diversity; quantify the amount and distribution of genetic variation within and among populations; and assess genetic structure for the native C. microphylla Lam. in China. Figure 1 ). There were 30 individuals for each population. Each individual was selected by random and contains at least 100 seeds. 5 to 10 seeds from each individual were sown in the greenhouse and the leaves of 3-weeks seeding were harvested as one sample. All the leaves were stored at -70°C until they were used for DNA preparation.
MATERIALS AND METHODS

Population sampling
DNA extraction
Total genomic DNA was isolated following the modification of the SDS "miniextraction" protocol developed (Edwards, 1991) which involved an additional phenol-chloroform extraction, alcohol precipitations and acetate salt rinse. The DNA sample was resuspended in 1× TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0), and diluted to 50 ng/μl and stored at 4°C or -20°C for polymerase chain reaction.
ISSR analysis
Eighteen ISSR primers were selected from a total of 100 different SSR primers (The University of British Columbia) after being tested. Each 25 μl amplification reaction consists of 1.5 μl Mg 2+ (25 mM), 0.16 μl dNTPs (40 mM), 0.12 μl Taq polymerase (5 U/μl)10 mM and 50 ng of genomic DNA. All the PCR amplifications were performed on a Mastercycler Gradient PCR (Eppendorf Research, Inc.) and consist of a denaturing step of 5 min at 94°C, followed by 40 cycles, each including 45 s at 94°C for denaturation, 1 min for annealing, 1.5 min at 72°C for extension and final extension at 72°C for 10 min. Depending on the G/C composition, the annealing temperature varied from 47 to 58°C.
The PCR products were separated on 1.5% agarose gel in a Trisacetate-EDTA buffer and 100 bp ladder was used to label and determine the size of the ISSR bands. It was stained with ethidium bromide and visualized under UV using a gel documentation system. The polymorphic DNA bands were scored as present (1), or absent (0) for each DNA sample, excluding the smeared and weak ones by visual inspection. 
Data analysis
The percentage of polymorphic loci (P) and Shannon's information index of diversity (I) were analyzed using POPGENE 1.31 (Yeh et al., 1999) . The amount of gene flow among these populations was estimated as Nm = (1/GST − 1)/4. The analysis of molecular variance (AMOVA) was conducted to calculate variance components and their significance levels for variation between plants from Hunshandake sand, Horqin sand land and Hulunbuir sand land among populations within a region, and within populations using GenAlex 6.2.Nei's genetic distances (D) were calculated for each pairwise combination among populations (Nei, 1978) . A principle coordinate analysis was also performed for displaying the population differentiation using the NTSYS-pc software (Rohlf, 1997) . Cluster analysis using the Neighbor-Joining method was performed using NTSYS-pc. A matrix of geographical distances among populations was obtained by the use of Google earth. To test for a correlation between genetic distances and geographical distances among populations, a Mantel test was performed (Smouse et al., 1986) .
RESULTS
Polymorphism and genetic diversity of C. microphylla Lam. populations
18 ISSR primers amplified a total of 269 bands for the 510 surveyed individuals. Of these bands, 217 (81.14%) are polymorphic. The total number of bands vary from 11 (UBC884 and UBC888) to 21 (UBC835) with a mean of 15 bands per primer (Table 3 ). The number of polymorphic bands ranged from 9 (UBC884 and UBC888) to 17 (UBC835) with a mean of 12 bands per primer. The value of Nei's gene diversity (H) was 0.259 and Shannon's information index (I) was 0.384 at species level (Table 1) . Within populations, the PPB varied from 64.04 to 94.01%, and the mean value of H ranged from 0.192 (P11) to 0.323 (P5). The value of I shows similar trends, ranging from 0.289 (P11) to 0.475 (P5). The results show that P5 had the richest genetic diversity and P11 had the lowest. Partial correlation between ecoenvironmental factors and genetic diversity index (H, I and PPB) shows significant correlation from latitude and AMT, which means that impact from some environmental factors is evident (date not shown).
Genetic differentiation among and within populations
To estimate the distribution of genetic diversity of C. microphylla Lam., POPGENE 1.31 software was used to In addition, for the purpose of detecting the relationship among and within populations, molecular variance is examined using AMOVA based on ISSR banding patterns (Table 4 ). The variance component found within populations was 71.1, 19.1% was found among populations and 9.8% was found within regions. It is similar to the result of G ST .
Principal coordinate analysis
A principal coordinate analysis based on the Jaccard values was undertaken ( Figure 2) ; the first principal coordinate accounts for 30.29% of the variation, the second for 17.09% and the third for 15.80%. Although, there was considerable overlapping between samples from different populations, some patterns could still be discerned. P11 and P15 populations were mostly found in the lower and right side of the diagram, and P6 and P7 populations were also found in the lower and right side of the diagram. P12, P13, P14 and P17 populations were found in the upper and right side of the diagram. The other populations were mostly found in the down and right side of the diagram. This diagram clearly suggests that there is a relationship between geographical locations and the ISSR data.
Genetic distance and genetic identity among populations
To further elucidate the gene differentiation between populations, unbiased measure of Nei's genetic distance was evaluated (Table 5 ). Nei's genetic distance ranged from 0.1077 to 0.4902 with an average of 0.253. The largest genetic difference occurred between P10 and P17. Furthermore, relationships of 17 wild populations were revealed by cluster analysis based on Nei's genetic distance using the UPGMA method (Figure 3) . Most populations were arranged in the same cluster by geographic location. To further clarify the relationships between populations, the Mantel's test was carried out between Nei's genetic distance and pairwise geographic distances. The matrix correlation (r 2 ) was 0.1251, and showed no significant correlation, which means that 12.51% genetic variance can be explained by geographic distance. The relationship between genetic diversity parameters and geographic and ecological factors of C. microphylla Lam. showed no significance.
DISCUSSION
Studies on genetic diversity of C. microphylla Lam. were undertaken by other researchers using other different molecular markers such as AFLP. AFLP is widely used nowadays because of its rapidity, numerous polymorphisms and reproducibility but tedious procedures and high expenses are its two major disadvantages. In the present study, ISSR markers were used to assess the pattern of genetic diversity in 17 wild populations of C. microphylla Lam. All individuals tested produced different ISSR profiles. Polymorphic bands (269), with percentage (PPBs = 81.14%), the average value of Nei's gene diversity (H = 0.259) and Shannon's information index (I = 0.384) at species level was generated by 18 ISSR primers. As compared to a previous study (Song, 2005) , ISSR-PCR appears to produce reliable and highly polymorphic band profiles in C. microphylla Lam., which is also found in other plants (Fang and Roose, 1997; P1  P2  P3  P4  P5  P6  P7  P8  P9  P10  P11  P12  P13  P14  P15  P16 Moreno et al., 1998; Prevost and Wilkinson, 1999; Yao et al., 2008) . It was reported that there are some correlations between genetic diversity and ecogeographic variation (Fahima et al., 2002) . In the present study, we showed that the correlations between intrapopulation genetic diversity with latitude and mean annual temperatures are significant. Yang et al. (2006) have reported that Shannon's information index of Caragana davazamcii increased along with changes of the habitats from east to west and with lack of average annual rainfall; the arid environment of Korshinsk peashrub is characterized by low precipitation and high annual precipitation fluctuations (Geng, 1986) . Wang et al. (2007) showed that there is a significant correlation between intrapopulation genetic diversity of C. korshinsk with latitude. Many studies also showed similar results, and relationships between levels of genetic polymorphism and degree of environmental stress are strong (Hedric, 1986; Nevo, 2001 (Liu et al., 2005) and C. korshinskii (77.8%) (Wang et al., 2007) . A high level of population differentiation may be explained by several factors, including the species' breeding system, genetic drift or geographic isolation of populations (Hogbin and Peakall, 1999 genetic drift (Slatkin, 1993) .
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